Studies were separately conducted to determine the effects of cultivar, planting date, and fungicide usage on rice blast disease, caused by Pyricularia grisea (Cooke) Sacc. [= Magnaporthe grisea (Hebert) Barr] in Kecamatan Manggala, South Sulawesi Indonesia. The four rice varieties were IR-66, Cisantana, Cigeulis, and Filipin. The results showed that IR-66 was moderately resistant to leaf and neck blast, with the lowest percentage unfilled grains per panicle. Cisantana reacted moderately resistant to leaf blast, but moderately susceptible to neck blast. Cigeulis was moderately susceptible to leaf and neck blast, while Filipin showed a highly susceptible reaction to both leaf and neck blast, and a 31% plant population death due to the blast disease. With respect to planting dates (February 4, March 22, and May 16), plants transplanted in March had the highest leaf blast severity, neck blast incidence, and the lowest yield. Seven fungicides (four are recommended for use in rice in Indonesia: flusilazol, difenoconazole, difenokonazole+propikonazole, and carbendazim (6.2%)+mancozeb (73.8%)) and three generally used ones (menefoxam (4%)+mancozeb (64%), chlorothalonyl, and metalaxyl) which were evaluated against the rice blast disease, showed the recommended fungicides for use in rice to be more effective in suppressing blast and protecting yield, compared to the other fungicides.
can be severely infected by both leaf and head blight. When epidemic starts early, in late sown plantings, plant growth and development are severely affected, resulting in death of many plants (Filippi & Prabu, 1997) .
Fungicides have been used effectively to control blast but the effectiveness of particular fungicides could vary from place to place or season to season. Farmers are advised to rotate the fungicides used to prevent the fungus from developing resistance against those fungicides (Tangdiabang & Pakki, 2006) . Therefore, information about effective fungicides with different modes of action should be available to farmers.
In order to achieve an effective and sustainable control of the blast disease, a management strategy integrating the use of resistant cultivar, appropriate planting date, and fungicide must be developed. Therefore, the objectives of the current study were to determine: 1) the response of four rice cultivars to the leaf and neck blast severities and percent of unfilled grains; 2) the effects of three different planting periods on the leaf and neck blast severities and crop yield; and 3) the effects of seven fungicide formulations on the leaf and neck blast severities and crop yield.
Materials and Methods

Blast Infection on Four Rice Varieties
A field survey was conducted to assess leaf blast severity and neck blast incidence on four rice varieties: IR-66, Cisantana, Cigeulis, and Filipin. The varieties were chosen because they comprised of approximately 70% of rice plantation in the study site at the time of the survey. The study was conducted from April to September 2010 in farmers' fields in the District of Manggala, Makassar in the South Sulawesi Province of Indonesia. The study site was a rain-fed area about 400 ha of continuous rice plantation encompassing four subdistricts: Kassi, Kajenjeng, Romang Tangaya, and Rappocedu. In each subdistrict, four fields individually planted with each of the four cultivars, with about the same age of 30 to 35 days after transplanting (DAT), were selected for disease observation. Field sizes ranged from 0.25 to 0.5 ha. The subdistricts were considered as replications in this study. None of those farmers applied fungicides, but they applied insecticides to control other pests such as rice leafhoppers and stem borers.
To assess leaf blast severity (LBS), twenty rice hills in each field were randomly selected from central rows of the field. Six tillers per hill and four fully expanded leaves on each tiller were observed to assess leaf blast severity. Leaf blast was evaluated three times, on 30, 37, and 44 DAT. Percentage of diseased leaf area was estimated visually (Bonman et al., 1991 ). The percentage values were then subjected to the formula below to assess the area under disease progress curve (AUDPC) (Shaner & Finney, 1977) :
Where, y i= percent of diseased leaf area on the ith date, t i= date on which the disease was scored (ith day), n=number of dates on which disease was scored.
Varietal reactions to leaf blast was determined using standard evaluation system (SES) on 0 to 9 scales (where 0=no lesion development and 9=all leaves dead). A cultivar was classified as resistant (R) when the ranking was from 0 to 2 (i.e. no symptoms to non-sporulating spots), moderately resistant (MR) with ranking from 3 to 4 (small lesions surrounded by necrosis with little sporulation), moderately susceptible (MS) with ranking from 4 to 5 (typical spindle-shaped lesions, 3 mm or larger, sporulating heavily), and susceptible (S) with it ranked from 5 to 9 (more than 25% leaf area covered by spores to dead leaf) (Chaudary, 2001 ).
Neck blast incidence (NBI) was scored seven days before harvest by randomly observing 200 panicles per variety in each location. Percent of neck blast was determined by counting the number of panicles showing severe neck blast symptoms (scores from 7 to 9) (IRRI, 2011) for each cultivar. Percent of panicles with neck blast was calculated using the formula below (Greer & Webster, 2001) :
where, A=the number of panicles with severe neck blast (scores from 7 to 9); B=the number of panicles observed for each cultivar per location (200 panicles). Based on the neck blast incidence, cultivars or lines were classified as resistant (R) with 0-15%; moderately resistant (MR) with 15.1-30%; moderately susceptible (MS) with 30.1-50%; or susceptible (S) with 50.1-100% (Puri et al., 2009 ).
Planting Date Effect
A field experiment was conducted to determine the effect of planting date on leaf blast severity and neck blast incidence. Rice var. Filipin, a susceptible cultivar was transplanted at three different dates: February 4, March 22, and May 16, 2011 . No fungicide was applied on the experimental site. Fertilizers were applied in accordance with the local recommendations. Insecticides were applied as necessary, mainly to control leafhoppers and stem borers. Planting date treatments were arranged in a completely randomized design with seven replications. Each replication consisted of a plot with ten rows wide and 15 m long, and planting space of 25 x 25 cm. There was a bare space of 1.5 m between plots. The experimental plots were surrounded by farmers' fields with rice var. Filipin, which were heavily infected by blast. Leaf blast severity was scored on 30, 37, and 44 DAT for each planting date treatment. The percentages of diseased leaf area were visually estimated on 20 randomly selected hills per plot, which were then subjected to formula 1 for AUDPC assessment.
Neck blast severity was evaluated seven days before harvest by randomly observing 100 panicles per plot, while percentage neck blast evaluation was determined by counting the number of panicles showing neck blast symptoms with scoring 7 to 9, among the 100 sample plants in each plot (Formula 2).
Fungicide Effect
A field experiment was conducted to determine the effect of fungicide applications on LBS, NBI, and rice yield. Seedlings Filipin were transplanted on May 1, 2011 and fertilizers were applied following local recommendations. Insecticides were also applied as necessary to control leafhoppers and stem borers. Treatments consisted of seven fungicides and their application rates in accordance with manufacturers' recommendations. Fungicide applications were conducted on 35 and 49 DAT, using hand sprayers. Fungicide treatments consisted of seven formulations (Table 1) and were arranged in a randomized complete block design with three replications. Each replication consisted of a plot with eight rows, 10 m long, a planting space of 25 x 25 cm, and a bare space of 1.5 m between plots. The experimental plots were surrounded by farmers' plantations with 30 DAT old of Filipin, which were heavily infected by leaf blast. Leaf blast severity was scored at 42, 49, and 56 days after transplanting. Percentage diseased leaf area was visually estimated on 20 randomly selected hills per plot for AUDPC estimation using formula 1 above. b Recommended for use in rice. Other fungicides tested for experimental purpose only.
Neck blast severity was scored seven days before harvest, by randomly observing 100 panicles per plot. For neck blast evaluation, while percentage neck blast was determined by counting the number of panicles showing neck blast symptoms among 100 sample plants in each plot (Formula 2).
Crop yield was assessed by randomly collecting 50 panicles per plot at harvest time. The panicles were dried under the sun for three days (about 20 h) before the grains were removed from panicles. Grain weight and the number of unfilled grains per panicle were then determined. 
Statistical Analysis
Analysis of variance (ANOVA) was used to determine the effects of cultivar, planting date, or fungicide on LBS or NBI. For the fungicide and planting date trials, ANOVA was also performed to determine the effects of fungicide on the yield. The percent data were arcsine-transformed before being subjected to ANOVA. When significant differences were detected, means were separated using Tukey's test at 5% probability level.
Results and Discussion
Blast Infection on Four Rice Varieties
Under field conditions with abundant inoculum sources and without fungicide applications, leaf blast severity, NBI, and percent of unfilled grains were significantly affected by cultivar (Table 2) . Average AUDPC on Filipin was significantly higher, followed by Cigeulis, Cisantana, and IR-66. Based on leaf blast scoring, the varieties: IR-66 and Cisantana, Cigeulis, Filipin can respectively be described as moderately resistant, moderately susceptible, and completely susceptible. Varietal reactions to neck blast were similar to their reaction to leaf blast, except Cisantana reacted as moderately susceptible to neck blast. The percentages of unfilled grains were significantly lower on Cigeulis and Cisantana compared to Filipin but still significantly higher than IR-66. Thirty one percent of plant population in the Filipin plots died due to the disease, while no plants died in plots of other varieties. Numbers in same column followed by same letters are not significantly different (P=0.05, Tukey's test). Percent data were arcsine-transformed before being subjected to ANOVA. Plant reactions: S=susceptible, MS=moderately susceptible, MR=moderately resistant, R=resistant.
The experimental site was a rain-fed area, about 10 m above sea level. The area had experienced severe blast incidence for the last two years prior to initiation of the study, but the disease had never before been reported as causing serious damage in the area. Our results indicate that the problem might stem from the introduction of a highly susceptible rice variety, Filipin, which was introduced to the area four years before the study was conducted. Since its introduction it had become popular among farmers because of its high-yielding potential, and the fact that about 50% of the area was planted with the variety at the time of the study. Before the introduction of Filipin, most farmers planted IR-66, Cigeulis, and Cisantana. The current study results show that IR-66 and Cisantana are moderately resistant and Cigeulis is moderately susceptible to blast. These cultivars have been planted for many years in the experimental area without serious damage by blast. They seemed to have partial resistance, controlled by multiple genes, against the disease, offering more stable form of resistance (Manosalva et al., 2009 ). However, the results also showed relatively high neck blast incidence and percent unfilled grains which might be caused by the intense pressure of inoculum coming from the Filipin plants. The IR-66 is categorized as moderately resistant against the blast disease (BBPTP, 2009) but there is no previous information available about how Cisantana, Cigeulis, and Filipin react to blast disease.
Planting Period Effect
Planting date treatment effects were significant for all traits measured in the experiment ( Numbers in same column followed by same letters are not significantly different (P=0.05, Tukey's test). Percent data were arcsine-transformed before being subjected to ANOVA.
Similarly, planting period treatments affected AUDPC values for each of the three observations (Figure 1 ). On 30 and 37 DAT, AUDPC values on plants planted in February was significantly lower than those planted in March and May. However, on 44 DAT, disease severity on plants planted in May decreased to the levels lower than those of the other treatments, and were significantly lower than the levels on plants planted in March. The low values of AUDPC, NBI, and percent unfilled grains on plants transplanted early in the season were probably caused by the low inoculum sources and the availability of excessive water that flooded the plantation. In tropical areas, flooding the soil as often as possible can be effective in suppressing blast incidence (Lee et al., 2003; IRRI, 2010) . The results also showed that the values of NBI and percent unfilled grains on the plants transplanted late in the season were significantly lower than those transplanted in March. This result contradicts with previous findings that when epidemics start earlier, in late sown plantings, plant growth and developments will be severely affected, resulting in death of many plants (Filippi & Prabu, 1997) . The contradictory results were probably caused by low rainfall and humidity at the end of the season at the experimental area (Figure 2 ). High humidity and frequent rainfall create environmental conditions conducive for rice blast infection (Lee et al., 2005) . 
Fungicide Effect
Effects of different fungicide formulations on LBS are presented in Tables 3 and 4 . On all observation dates, flusilazol, difenoconazole, difenoconazole+propiconazole, and carbendazim 6.2%+mancozeb 64% consistently showed lower AUDPC values compared to the other treatments. These were followed by menefoxam 4%+mancozeb 64%, chlorothalonyl, and metalaxyl whose AUDPC values were not significantly different from each other but significantly lower than the untreated control. Vol. 5, No. 1; 2013 For the NBI, percentage unfilled grains, and weight of filled grains were significantly affected by the fungicide formulations (Table 5) . Flusilazol, difenoconazole, and difenoconazole+propiconazole were effective in suppressing NBI and percentage unfilled grains. In this experiment, carbendazim 6.2%+mancozeb 64% was less effective in controlling neck blast than leaf blast. All fungicide treatments had higher yield than the control treatment. The highest yields were obtained from plants treated with flusilazol, difenoconazole, and difenoconazole+propiconazole; followed by carbendazim 6.2%+mancozeb 64%, menefoxam 4%+mancozeb 64%, metalaxyl, and chlorothalonyl. Numbers in same column followed by same letters are not significantly different (P=0.05, Tukey's test). Percent data were arcsine-transformed before being subjected to ANOVA.
In this study flusilazol, difenoconazole, difenoconazole+propiconazole, and carbendazim 6.2%+mancozeb 64%, which are recommended for use in rice (as stated on the product labels), effectively suppressed leaf blast severity. However, carbendazim 6.2%+mancozeb 64% was less effective in controlling neck blast incidence and showed lower yield compared to flusilazol, difenoconazole, and difenoconazole+propiconazole. The yields of plants treated with flusilazol, difenoconazole, and difenoconazole+propiconazole were 4.5, 4.1, and 4.7 times higher than yields of the untreated plants, respectively. Fungicides with the active ingredients of difenoconazole and difenoconazole+propiconazole were effective in suppressing the blast disease (Ghazanfar et al., 2009 ).
Conclusion
These results demonstrate that IR-66 was moderately resistant to leaf and neck blasts, with Cisantana being moderately resistant to leaf blast but moderately susceptible to neck blast. Cigeulis was moderately susceptible to leaf and neck blasts, while Filipin variety was highly susceptible to blast, and without fungicide application, up to 31% of the plants died due to the disease. Planting early in the season when inoculum source was low and planting late in the season when humidity was low helped plants escape serious damages due to blast infection. Planting in the middle of the season predisposed plants to severe infection because of the availability of abundant inoculum sources and high humidity levels in the experimental area. It can be concluded that when planting circumstances warrant fungicide use, flusilazol, difenoconazole, difenoconazole+propiconazole, and carbendazim 6.2%+mancozeb 64% should be used alternately to suppress the disease and to prevent or at least slow down the pathogen from developing resistance against those fungicides.
